Purpose: Multiple treatments for dorsal wrist ganglia (DWG) exist but have high recurrence rates. We investigated whether aspiration followed by injection of Tisseel is more effective at reducing the DWG recurrence rate than aspiration alone. Methods: Adults with untreated DWG were randomly assigned to aspiration alone (A) or aspiration followed by Tisseel injection (AT). Patients were measured at baseline, 1, 6, and 12 months. Primary outcome was the rate of recurrence. Secondary outcomes included recurrent ganglion size and maximum pain experienced from the ganglion. Continuous data were compared with Student t tests and Mann-Whitney U tests. Categorical data were compared with w 2 tests and Fisher exact tests. Treatment effect was reported as relative risk or mean differences (MD) with 95% confidence intervals. Results: Seventy-nine patients were randomized to the A (n ¼ 39) or AT (n ¼ 40) group. Twenty-five patients were lost to follow-up. There were no differences in recurrence risk between groups at 1, 6, or 12 months (P > .05). Ganglia were significantly smaller for both groups at 1 month versus baseline (P < .001). The A group demonstrated a significantly larger decrease in size at 1 month versus the AT group (MD ¼ 0.75 cm 2 , 95% confidence interval: 0.07-1.43, P ¼ .03). Both groups experienced significantly less pain at 1, 6, and 12 months (P < .03), but this was not significantly different between groups. Conclusion: Aspiration and Tisseel injection does not decrease DWG recurrence versus aspiration alone. Both interventions produced a significant decrease in pain. Although aspiration alone carries a high recurrence risk, it may provide sufficient symptomatic relief for patients with DWG.
Introduction
Ganglia are the most common benign tumours of the hand. Ganglia consist of extra-articular accumulations of thick gelatinous and synovial-like fluid surrounded by a pseudocapsule of compressed collagen, but without a true epithelial or synovial lining. The majority (61%) of ganglia occur on the dorsal wrist and tend to arise from the scapholunate joint. 1 Ganglia usually arise spontaneously, but approximately 10% of patients may present with an antecedent history of trauma. 2 No association has been found between ganglia development and occupations involving repetitive work. 1 Although arthrographic injections of the wrist have proven a communication between the joint space and ganglion, cystography has not consistently demonstrated a communication between the ganglion cavity and the joint space. 3 These collective findings have led to the theory of 1-way flow from the joint to the ganglion with a 1-way valve mechanism.
The most common clinical presentation of a ganglion is a firm, painless mass. However, some patients may experience severe pain from a ganglion. This may be due to the close proximity of the posterior interosseous nerve or due to a pressure phenomenon. Patients tend to present to their general practitioner due to concerns of the mass, such as pain, complaints of the aesthetic appearance, or worries that it may represent a malignant lesion.
Due to the common nature of ganglia, many treatment methods have been developed and applied. 4 However, many of these methods have variable success rates and high recurrence rates. 4 Nonoperative interventions include aspiration alone, [5] [6] [7] [8] [9] [10] aspiration and corticosteroid injection, 7,10-16 aspiration and ethanol injection, 7 aspiration and hyaluronidase injection, 12, 17 aspiration and sclerosing agent injection, 12, 18, 19 aspiration and multiple punctures, 9 and aspiration and electrocautery. 20 Operative interventions include both open and arthroscopic approaches, and these have been shown to have comparable recurrence rates 1 year postoperatively. 21 Although operative management has decreased recurrence rates in comparison to aspiration alone, 4 nonoperative management may be preferred by patients due to its less invasive nature and faster return to work post-procedure.
Tisseel (Baxter Canada) is a fibrin adhesive system containing 2 components pooled from multidonor plasma. One component consists of highly concentrated human fibrinogen solution combined with factor XIII, fibronectin, and aprotinin, which inhibits thrombolysis. The second component consists of human thrombin and calcium chloride. When the 2 components are mixed, thrombin converts fibrinogen into insoluble fibrin, which is the final stable form of the sealant that is ultimately used.
Tisseel is currently used as an adjunct to hemostasis in adult and pediatric surgical patients as well as an adjunct to seal and prevent leakages from colonic anastomoses. However, Tisseel has also been applied for off-label use in multiple surgical specialties. With regard to plastic surgery, Tisseel has been used as an adjunct in nerve repairs, 22 promoting split thickness skin graft adherence and reducing donor site pain, 23, 24 minimizing edema and hematoma formation following facelifts, 25 and seroma prevention. 26 The safety of intra-articular injection of Tisseel has also been demonstrated via sealing Baker cysts. 27 To date, the current treatment strategies for dorsal wrist ganglia (DWG) have high recurrence rates. There has been no documented literature investigating Tisseel as a possible treatment strategy for DWG. We hypothesize that following the aspiration of the contents of DWG, the injection of Tisseel will act to seal the 1-way valve communication between the ganglion cavity and joint space. As a result, we hypothesize that compared to aspiration alone, aspiration followed by injection of Tisseel is more effective at (1) reducing the recurrence rate of DWG, (2) reducing maximal pain experienced, and (3) reducing the size of the DWG, if it recurs. To test our hypotheses, we performed a randomized controlled trial comparing the current standard DWG treatment of aspiration alone with aspiration followed by Tisseel injection.
Methods

Study Population
From October 2002 to June 2015, 79 adult patients referred to the primary investigator's (senior author) outpatient plastic surgery clinic with a confirmed diagnosis of a DWG that was symptomatic (ie, produced associated pain at rest or with activity) were enrolled in this study. Patients were excluded if they were less than 18 years of age, were completely asymptomatic from the ganglion, had received prior treatment for the ganglion, had a ganglion less than 1.5 cm in diameter, opted for surgical management, or declined participation in the study. The Hamilton Integrated Research Ethics Board (HIREB #01-2016) approved this study. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008. Informed consent was obtained from all individual participants included in this study.
Randomization
Patients were randomly assigned to receive aspiration alone (A) or aspiration and Tisseel injection (AT) via sealed envelopes using random blocked sizes of computer generated randomization sequence by independent research personnel.
Treatment Techniques
All treatments were completed by the primary investigator. Under aseptic technique, both groups received local filtration of local anesthetic followed by aspiration of the DWG with an 18-gauge needle. Following aspiration, the AT group received a Tisseel injection (0.2 mL; mixed according to the manufacturer protocol) into the cavity of the DWG. Specifically, once the aspiration had been completed, the 18-gauge needle was left in situ within the DWG cavity. The syringe with the aspirate was then immediately exchanged for a syringe containing the Tisseel, and the Tisseel was subsequently injected. Baxter Canada provided the Tisseel product free of charge for the purpose of the study and had no role in data collection, statistical analysis, or manuscript writing. A dry dressing was applied over the treatment site for both groups.
Patients were measured at baseline, 1, 6, and 12 months posttreatment. At each of these visits, the presence or absence of the DWG was noted, the size of the DWG was measured (if applicable), and patients rated their maximal pain experienced due to the DWG using the Numerical Rating Scale (0-10).
Sample Size Calculation
Based upon the literature, at least a 50% recurrence rate at 12 months can be expected following aspiration alone. 4 A survey of 9 local plastic surgeons revealed that a 30% recurrence rate at 12 months (ie, a 20% reduction in recurrence rate) in the AT group would be a clinically relevant result that would change practice patterns. Therefore, based on an a value of .05 and a b value of .2, a total of 76 patients (38 per treatment group) would be required for adequate power.
Statistical Analyses
Patient demographics and outcome variables at baseline were compared between treatment groups to ensure comparability of the groups. Continuous variables were described using means and standard deviations or medians with minimums and maximums, whereas percentages were used to describe categorical variables. Continuous data were compared with the Student t test and Mann-Whitney U test, while categorical data were compared with the w 2 test and Fisher exact test. Relative risks (RRs) with 95% confidence intervals (CI) were calculated to compare recurrence rates, whereas mean differences (MD) with 95% CI were calculated to compare pain scores adjusted for baseline values.
Results
Seventy-nine patients were randomized to the A (n ¼ 39) or AT (n ¼ 40) group and completed treatment ( Figure 1 ). Eleven patients (A ¼ 5 and AT ¼ 6) were lost to follow-up at 1 month, 26 patients (A ¼ 10 and AT ¼ 16) were lost to follow-up at 6 months, and 25 patients (A ¼ 10 and AT ¼ 15) were lost to follow-up at 12 months (Figure 1 ).
There were no significant differences between groups at baseline ( Table 1) . Both groups were primarily women, righthanded, nonsmokers, and performed office-related jobs. Both groups had an initial mean ganglion size of 4.0 cm 2 , where the ganglion had been present for an average of 17 to 21 months prior to the initial visit.
There were no differences in recurrence rate between groups at 1 month (A ¼ 79. Table 2 ).
Both groups had a significant decrease in ganglia size at 1 month compared to baseline (P < .001; Table 3 ). The A group demonstrated a significantly larger decrease in size at 1 month versus the AT group (MD ¼ 0.75 cm 2 , 95% CI: 0.07-1.43, P ¼ .03; Table 3 ). Both groups experienced a significant reduction in maximum pain at 1, 6, and 12 months (P < .03), but this was not significantly different between groups (Table 4) .
Discussion
Overall, there were no differences in recurrence rates of DWG at 1, 6, or 12 months regardless of whether patients received aspiration alone or aspiration followed by an injection of Tisseel. Both groups experienced a significant decrease in ganglia size at 1 month compared to baseline, but the A group demonstrated a significantly larger decrease in size compared to the AT group. Finally, regardless of the treatment received, all patients experienced a significant reduction in maximum pain experienced at 1, 6, and 12 months compared to baseline.
Despite treatment, 72% of DWG treated with aspiration alone and 64% of DWG treated with aspiration and Tisseel recurred by 12 months. Based upon a recent meta-analysis incorporating the current literature regarding both volar and DWG, 4 the mean recurrence rate following aspiration of wrist ganglia is 59%. Therefore, our recurrence rate appears to be slightly higher than what the literature suggests. However, these slight differences may be due to our smaller sample size, different aspiration techniques, or our sole inclusion of DWG.
Previous studies have also assessed pain as a secondary measure when evaluating treatment strategies for wrist ganglia and have generally shown an improvement in pain following treatment. 5, 6, 15, 17 Pain may be considered a quality of life indicator for patients. Health-related quality-of-life indicators are increasingly recognized as important outcomes to measure when assessing clinical treatments in order to capture patients' perspectives and burden of disease on patients' functioning. [28] [29] [30] It is important to recognize that although our 2 treatments for DWG were unable to definitively treat DWG in a large number of patients, all patients experienced a significant decrease in perceived pain at all time points. This reduction in patients' pain may be translated into a perceived improvement in quality of life due to ameliorating bothersome symptoms and the ability to return to regular daily activities and work activities in a timely manner.
Although surgical excision of ganglia has a lower recurrence rate than aspiration techniques, 4 surgical interventions carry a higher risk of complications. Damage to dorsal branches of the radial sensory nerve, scapholunate instability, hypertrophic or keloid scarring, as well as wrist pain and stiffness are potential complications of surgical treatment of DWG. 5, 6, [31] [32] [33] Therefore, if we are able to improve patients' quality of life without incurring the risks of a surgical intervention, less invasive treatments, such as aspiration, may be viable treatment options for patients seeking relief from their DWG.
Unfortunately, one of the major limitations to our study was the number of patients lost to follow-up, which led to small sample sizes at follow-up visits. Thus, the ultimate results of our study were underpowered. Upon a closer review, more patients were lost to follow-up from the AT group in History of wrist trauma, n (%) 3 (7.5%) 5 (12.8%) . comparison to the A group. Unfortunately, we are unable to determine whether the patients lost to follow-up were systematically different from those who remained in the trial. Therefore, our results should be interpreted with caution due to increased risk to the internal validity of the study. Furthermore, although we compared the AT group with the A group, we did not have a true negative control group where no active intervention was performed. The natural history of DWG suggests that 42% of DWG spontaneously resolve over the long term and up to 6 years. 5 Given that no true negative control group was used, we are unable to definitely conclude whether the outcomes of the A and AT interventions are truly better compared to the outcomes achieved with no active intervention.
Despite these limitations, this is the first known study to evaluate the novel use of Tisseel for the treatment of DWG. We completed this study as a randomized controlled trial, while the majority of current studies investigating wrist ganglia treatment are cohort studies. We used objective measures and validated scales, such as the Numerical Rating Scale for pain, in order to investigate both our primary and secondary outcomes and reduce the risk of bias and confounding factors. Finally, our follow-up period was 12 months from the initial treatment. Although this lengthy follow-up period may have contributed to a greater number of patients lost to follow-up, we believe it allowed us to capture the majority of recurrences experienced by patients.
In the current Canadian health-care climate where finances are tight and resources are scarce, it is imperative to consider economically feasible treatment options for patients. Since DWG are one of the most common tumours of the hand, it is important to continue to evaluate our current as well as new potential treatment strategies for this condition. Future studies performing cost analyses of different ganglion treatments may be beneficial to discern which treatments are both effective for patients and sustainable within the current health economic climate.
Overall, Tisseel injection following aspiration does not decrease the risk of recurrence compared to aspiration alone. However, both interventions resulted in a significant decrease in pain that persisted at 12 months. Although aspiration alone carries a high recurrence risk, it may provide sufficient symptomatic relief for patients with DWG who wish to proceed with a less invasive treatment strategy rather than surgical management.
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